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FIGURL CAPTIONS

Change it 13F signal over time in PBS only or PBS/0.0015 BSA. The data tor
BPS/DL00 1% BSA are represented using a more accurate mudel for the adsorbed
proten layer W account for the reduction of the XI'S signal by that overlayer.

Changes in lon concentrations over time indicate glass dissolution,

[Phase contrasi photomicrographs showing cultures of embrvonic day 22 rat
cerebral cortex al 13 days post-piating on the substrates Poly-D-lysine and 13F.
Cultures were maintlained in MEM+ N3/ containing one of the following
growth factors: CNTE (5 ng/ml), bI'GT {_.;L.In;j,.- ml), BINF {1 ng/ml). BIONF was
found to contribute to longevity of neuronal cells. bIFCE was found to enhance
survival, but d’d not contribute as signiticantly to neuronal longevity,

Phase contrast photomicrographs showing caltures of post-natal day 10 rat
cerebral cortex al 24 hrs. post-plativg on Poly-D-lysine and QTS These cells were
maintained ir MEM ¢ N3/e with or without 2ng/ml bFGE. The presence of
bFCGE enhances cell mltgnm th and atlachment on both substrates.

Phase contrast photomicrographs showing cultures of embryvonic day 14 rat
cercbral cortex ot 4 davy post-plating on the substrates OTS and 13F. Cultures
were mainlained in MFM+N3 /o with or without 20 ng/ml bFGEF. The presence
of bFGE enhanced cell outgrowth and atlachmentl on htrsc ‘poorer” surfaces.

Phase contrast (1,3,3) and {luorescence (2.4,6) photomicrographs showing
enriched cultures of rat microglia derived from the cerebral corlex of post-natal
day 2 pups. Enriched microglial cultures were abtained by subjecting 2 week old
mixed microglial-astrocvte cultures Lo 12 hr of shaking on an orbital shaker. The
microglia were collected by centrifugation and seeded on Poly-d-lvsine (1 - 43 and
DETA (3.60] costed coverslips and maintained for two weeks, Microglia were
immunocytochaemicalbv identified with OX 42 71100, Serotech) antibody. Most of
labeled colls displaved an ameboid Torm (2,4,6) and a few OX-42 positive cells
developed long, thin processes {4, Oligodendrocytes [arrow, 1} and the astrocytes
{arrow, D) wwere unlalwedled.



PROJECT SUMMARY

The aim of this work Is to create surtaces on unplanfable silicon microstructures for
the purpose of controlling the interaction of neurons, glia, and related cells and their
protein products with the microstructure. The third and fourth quarters were primarily

devoted to the examination of culture conditions tar early embryvonic cultures with an aim

to promote longevity in culture. We established Flé cortical cultures which survived to 21
days. E19 to 19 davs. As presented in earlier reports, we established a rudimentary serum-
free culture to approximate the compeosition or cerebral spinal tluid (CSF) and have
extended screened artificial surfaces tor two (21 surtaces tor E 14 response; nine {9) surfaces
for F 16 cortical cell response, thirteen (131 surtaces for E18 cortical cell response; 6 surfaces
for E22 cortical cell response; bwa (2] surfaces for post-natal day 10 response; five (3) surtaces
for glial astrocyte cell response, and twa (2) surtaces tor microglial response.

his quarter we vrimarily focused on later erobryonie (F22) cultures; and post-natal
(PNTO) cultures in which we imitiated a preliminary screening of substrates and examined
procedures most suited to establishment of iong-term survival of these more challenging
proparations. Experiments tor culture of BT emibrvonic tissue and post-natal day 2
microglia were alse inibtated.

Conbinuing surtace stability experiments indicate that at least some of the artificial
surfaces (silane monolavers on glass) are stakle for much longer times in the presence of
proteins, but the glass we used, which is porous, begins to disselve after four to cight
weeks. We are extending these experiments to other substrates such as polyethylene and
also to see the etfect of increasing the prowin concentration 10x.

In addition to the previously examined SAM surfaces, we are in the process of
researching and producing some novel SAMs, moditied with crosslinkers which will
allony the attachment of selected biological mmacromoelecules, for testing in culture. [n
particular, & two component SAM imbed muno.aver) was prepared from 3-
mercaptopropyltrimethoxesilane ara n-2-aminoethy -3-ammapropyltrimethoxvsilane to
solate amine functional groups trom each other. A homobitunctional cross linker such

as diethv] malontimidare can be reacted under basic conditions with these amine



functionalities leaving one reactive tmidate on the surtace tor reaction to any terminal

amine from a piological prozein such as BSA or laminin

OBJECTIVES

Overall project objoctives:

al

<

d)

Selecting candidate surfaces thal are likely to enhance the microscopic

mechanical stabilizatiom of a microstructure implanted within the central

nervous sysbem;

Selecting candidate organic surtaces that are hkelv to enhance the close

approximation of neurons or neurenal processes Lo specitic regions of implanted

silicon microstructures;

Developing or adapiing available methods to bond the selected organic

molecudes to a silicon dioxide surface like the sarface of a micromachined

clectrode (Tanghe and Wise, 1992) and Lo chemically characterize these surfaces

betore and after protein adsorption.

1. The attachment methoo shall be stable inosaline al 3770 for at least 3 months;

2. Ty use siane coupling as the method of attachment;

30 Touse the silanes to control the spatiol extent ite., the pattern) of the deposited
surface.

Developing o cell culture or other suitable model of mammalian cortex and

investiyate the yrowth and adhesion of nearons, glia, micro-glia, and other cells

present in the nervous svskem on substraws coated with the selected surfaces;

Cooperating with other investizators in the Newral Prosthesis Program by

coating micreekectrodes festimated S0 over the contract period) with the most

promising materials tor in tice evaluation as directed by the NINDS Project

Ofticer.

OUARTER OBIECTIVLES

o (Continue wworking to establish cortical cell culture conditions tor

vptimal 4 wuork survival



e DBegin screening biologicaily modified SAM surtaces for cortical cell survival
o (Continue servening L22 response to artificial surfaces

o Continue surlace aralvsis of surfaces both betore and after culture

« Continue surface stabilisy experiments i saline + BSA at 37°C

e Finish screening surtace tor glinl response to non-ideal SAM surtaces

«  Continue screening non-ideal surtaces ror microghia response

= Beoin PNIU culture experiments

» Send more samples to Huntingten to continue & oive experiments

BACKGROUND

Biomaterials that penetrate into the central nervous system as the microscopic
electrode shatts of neural prostheses interact with neural and other tissues on a cellular
and molecular level Inorder to achieve tight coupling between these implanted
microelecirodes and the target nearal sabstrate, this interaction must be understood and
controlled. Cortrolling the icteraction requires an understanding of how cells, including
neurons and glia, and extracellular proteins respond to the surface chemistry and any
leachable substances of mplanted biomateriais. This contract supported research will
study these mteractions with a long-term goal of ratienally designing microelectrode
surfaces to promote specific tissue interactions,

Presently, avatlanie clinical neural prosthetic implants tvpically use stimulus levels
that excite volumes of neural tissue ranging from cubic millimeters to cuble centimeters
around the electrode. Because ot the laree stimulus intensities reguired, precise control of
the response of neurons within the tirst tew cell layers of an implanted electrode has not
been necessary. Recent developiments in the areas of micromachining and fabricalion of
silicon integrated circuit microelectrodes have introduced the possibility of controlled
stimulation of smaller volumes of neura tissue--on the order of one thousand to one

hundred thousand timres smaller thon those used today.

The etticiency of these microelectrodes depends on the micro-environment around
stimulating sites. The surface of the microciectrodes and the proteins that adsorb to thas

surface have a major impact on she way v which different cell populations react to the
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implant. Neural growth cones are sent our lrom many neurons around o microelectrode
fullowing implantation. Wik appropriae surfaces 1t may be possible to get seleeted
neurons to send provesses directly to the microelectrodes. Glia and other ceils also respond
to an implanted electrode. With appropriate surfaces it may be possibie to promote cell
adhesion and anchoring of somoe arcas of the implant slructure while leaving other areas
with minimal resporse Irom glial cells. This study will investigate cellular and molecular

responses to specific surtace modifications of silicon microclectrodes.

RESULTS

Swrince Aaalusis il Stability Measoreneints

X-rayv photocleclron spectroscopy (XPS) 1s necessary for this program in the same
way that an NMR spoectromeler is necessary for conducting an organic synthesis program.
Since we are svnthesizing surtaces and modifyving Lheir properties, we will need to assav
the result of the surface betore (startine malterialy and after {reaction product) moditication.
This is analogous to examining a procedure by NMR One would not think to run an
organic synthetic reaction with only an vccasional examimation of the actual product; in
the same sense, 1t 15 crucial tor us Lo examine the product in our surface modification
experiments.

Our results W date indicate that the siline moenolavers are much more stable in the
presence of protein than in PBS ooy, Figure | compares the 13F signal (T 1s) of slips in
PBS alone versus PRS with 00U BSA L using o maore accurate madel for the adsorbed
profein faver to account for the reduction of XT'S signal by that overlaver.  After 4-8 weeks,
we see a rapid decrease i the Fsipnal but also the appearance of 1ons {11, Na,..} that are
ndicative of the glass dissolving (Figure 230 This makes sense in that the covershp glass is
porous. This is @ siguficant result not only for implants but for our long-term culture
results as well. To further investigate this we will repeat the experiment with a non-

porous SO (510 /S on a water) as well as with a polvmer that does not dissolve in PBS



(polvethylene), Wowill alse determine how increasing the protein concentration aftects
this process.

Cell Cutture

As illustrazed in previous reports, we have developed of o rudimentary serum-free
culture system for the cortical cells to moere Cosely approximate the composition of
cerchral spinat fluid (CSE: e the tourth cuarter we concentrated on defining and
examining the culture conditions to optinize longeviey for both cortical and astrocyte
cultures.  In this capacity, we evaluated various tssue culture conditions (such as
medium, additives, neurotrophic factors) which could plav important roles in cell
survival and ditferentiation.

This quarter we concentrated our examinations of tissue culture conditions
primarily to additives, nearetraphic facters and developed methods and medis that
would support later embryonic (L227 and post-natal cultures (PN10).

We initiallv conducted the both the dissociation of F22 and post-natal day 10 cortical
tissues utilizing a mechanical dissociation/ trituration protocol used for earlier embryonic
cultures, hecause it s our standard pratocel and a necessary control. With the increase in
embryonic day (continuing into post natal Gayvs and adulthood} there are concomitant
increases in deadritic arberization and axoral length in cortical cells and increases in
contaminaling dcebris from white matler and glial cells. As expected, the mechanical
dissociation resulted i low vields and significant cell damage. We moditied our standard
protocol which, while using some of the same hasic components, included the addition of
the enzyme, papain {Schattrier, et al, 19951 and limited the mechanical treatment to tissue
excision and ¢oarse subsectioning /slices rather than trituration via pipette. Papain
treatment with heited mechanical intervention resulted inoincreased cortical cell yield
and survival.

We ~eleclad various neurotrophic factors suggested by the literature to
promote survival of carlier embrvonic cortical neurons in calture. In our preliminary
studies of L22, BIINF, BFGE and ONTE were shown to promoete survival of cortical
neurons in culture (Ghosh, et al, 1993 Jones, ot al, 1994; reviewed by lempe and Qian,

Tudn: Arakawn et al,, T840,



Figure 3 ilustrates cultures of embryonic dav 22 ral cerebral cortex at 13 days
post-plating. Cultures were maintaimed 0 MEME NG/ conlaming ane of the following
growth factors: CNTF ¢ 5 ey smly, DEGE (20 ngsmly BONE T ng /ml]. While the addition
of each of these growth tactors tacilitated swivival, as compared to the control, only BDNE
was found to siyniticantiy contribute to fongevity of the E22 cultures. bIGE was found to
promote early growth, but it was less eftective with regard o cortical neurons at later fime
points,

This latter fincing ot neurotraphic tactors contributing to cell survival and
longevity at different thrws has some particwar signiticance with regard 1o the birthdates
of cells laken from dittesent embrvonic stages and maindained in culture. We have been
able to maintain Fla cultures for 21 davs, L187 19 caltures for 19 days, and now E22 for 13
davs. Taker in the context of kirthdates, under similar culture conditions, there is some
predictability with regard to survival based on date of birth. The next challenge is
extending these times to 4 weeks for B 16, and the subsequent survival dates, longevities

for each of the other embrvonic davs exinrined.

It s knonwn i vrco factors invoived i cell growth and maturity change with
development. These cemporal charges in coll requirements could be mirrored in culture,
and in our tha: carly outgrawtos well supported by the addition of bIGE (Figure 4,
(PNA1D); Figuese 5, (L14), E22 fnot shown} but longevity is more readily supported by BDNF
(Figure 3, (F225; (1187197 previous report]. One of our goals in the next guarter is to extend
survival ot embryonic and post-natal cultures and to find the potential role that different
neuretrophic tactors piay al different Hmes in development.

In addition to beginning post-natal dayv 10 caltures and extending our understanding
of £ 22 cultures, woe also continued our examination ot astrocvie cultures and initlated
microglial cuiures,

Mixed glial cultures were propared from 2 day old neonatal rat Brietly, cerebral
cortices were romoved and the meninges were stripped away and the tissue triturated,
pelleted, and plated in Dulbecco’s Maditied Eagle’s Medium [DMEM) + 10% fetat calf
serum with glutaomine, glucose, gentamvein and fungizore additives (Gibea). After 14 days
in cultures, the tlasks were shaken tor 12 heeat 3770 at 250 rpm. The microglia were

caollected tromt the selution, peileted, and nitially plated for 40 min. in either serum

fy



containing or scrum-free media, oo fo sddition of a final serum-free medium tL-1
(Hicor)., In this initial culture we deterivined the best conditions for inifial attachment on
SAM substrates, DETA and 13F Other researcaers, unlizing biological substrata, often find
adhesion 1x enhanced with an minad atzachient treatment with serum (Colton, personal
comm.). We round adhicsion ard surevival were greater with an initial plating in serum
free conditions (vs serumid, in geeping with the stated goal ot aceveloping an i vitre
system mirroriry the conditiors tound iy vives Purity was determined after two weeks
with staining with OX-£2 {1100, Serotech antibody specific for microgiia (Figure 6).
Microglia are present bwo basic marphoelogies, consistent with their function/state of

activation framizicd and amebold Our caltures primarily displayed the ameboid

morphology (Dgure 6, pavel 2400 with seme few cells producing processes (Tigure 6, panel
1}, but do not resemble stracrores toucsd i ramibied nucrogha, i e o These cultures
were approxinutely 70% pure, with some contaminating oligodendrocvtes, and astrocytes

(Figure &, panels 1,57

Collaborations

We have eatablished a collaboration swith W, Agnew at the Hantington Medical
Research Institule. Whiie we Lave not vet specitically moedifed clectrodes, we have
succesafully moditica tne polyv-silastie sheath that nolds a series of microclectrodes in place
along the spinal cord during implantation Cgnew ef al, 19905 One problem we are
focused on selving is that the sncath has shal scar buildup and adhesions that eventually
displace the clecrrodes laterally fwith adhesion) and vertically {due to buildup of tissue}.
We visited Tuntingon Institute arter the Neuwrosciorce mecting in November, and have
planned a serics of experiments. We will Lewin a new series of experiments once the costs
of the in it work is determimed. We are aso examining by surtace analysis some

postmortem sample supplicd by D0 Agnes s aroup. These results will be reported later.




NEXT QUARTIR OBFECTIVES

o  Cortinue work o establish cortical cell culture conditions for
optimal 4 week survival
¢«  Bouvin screening biologicaliv modified 5AM surtaces tor cortical cell survival
¢ Continue screcning EHE response o artificial surtaces
Finish sereening 22 response to artificial surtace
e Contintte screening PNLC response to artiticial surtaces
s (onhinoe surtace analysis of surfaces both before and atter culture
s Continue swrface stability experiments in saline
o (ontinue soreening surfaces for microglia response
e Sond samples to Huntingron to continue ii v experiments as well as
cvplore other possibilities for cellaboration in this area.
REFERENCES
Agnew, W EF, MoCreery, DD T AL and Yuen, TG D990, Etfects of prolonged electrical

stimulation of the central pervous system. T Agnew, WE, & McCreery, DB (Rds),
Newral Protheses pos 225252, (Prentice Hall: Englewood Clitts, NJD.

Arakawa, Y., Sendiher, Mo, and Thoenen, T (1990) Survival effect of ciliary neuratrophic
factor {CINTF) on chick embrvonic motoneuruns in culture: comparison with other
neurotrophic tactors and cvtokines. f. Newrescr TIEGRIZ-3515,

Ghosh, A, Carrahan, |, and Greehberg, MUED (1994, Requirement for BDNE in Activity-
Dependent Survival of Cortical Neurons, Svieece 263, 1619-1623.

BDNT gene porturbs brain and sensory neuran development. but not motoneuron
development. Ceil Fh, 9584599,

Jones, KR, Farinas, &, Backus, O ad Reichardt, 1L {1994y Targeled disruption of the

Tanghe and Wise (19920 A Th-channel CMOS neural stimulating arrav. (LEL Trans. Sol
State Chrovils, 2709-75

Temple, 5. and Qian, XL (19431 bEGE, neurotrophing, and the control of cortical
neurogenesis. Nepron, 132448-252

AE. Schatfner. |1 Barker, 10AL Stenger and [, Hickman, (19493) Investigation of the
Factors Necessary {for Growlh of Hippocanipal Nearons ina Defined Svstem,
foNcroscienoe Methods w20 111-119




[ (1) /1 (t=0)

f;

PBS/BSA
_.______
, PBS alone
r—_— 5
2 4 6 8

Time (weeks)

10

12



XPS of 13Figlass in PBS/0.001% BSA Solution

. _ | | e ——
= 6000 -
o . Qs
0 ®
n 3000 ‘.- ® — @
2 8000 - s Na Auger
= N " S | | A
- 4000 - 4
= o ]
o 2000 P Ti 2p
o . P
> 0 [T SRR o — *

0 Y, 4 6 8 10 12

clean

weeks in vitro



ANCE + JE|

HLMOYYD 114D IVIILHOD €23 NO ANdg 40 S103-443



HLMOHD 717139 0INd NO 4944 40 s1D53443



A0440 1 510

HLMOUD 1130 1vIILLHOD 13 NO 4949 40 S193449




